Abstract Magnetic field has been widely used in clinical diagnostics or for clinical treatment and is an important biomedical technology. Glioblastoma multiforme U87 and U251 are models of a fast growing malignant cancer. We focused on cellular level drafting of these cell lines as a time-dependent effect indicator of static magnetic fields (2000 ± 600 Gauss) by using their fast-growing properties. Cell viability showed a significant decrease (p \ 0.01). The results coincided with the occurrence of apoptotic signals or protein expression of cyclin B1 and cyclin dependent kinase 1 in a non-apoptotic manner. Cdk1 was decreased in proportion to ankyrin G and cyclin B1 (Chi-square test, p = 0.0366). Our findings suggest that static magnetic stimulation creates a specific cytoproliferative pattern, rather than producing randomized growth impairment.
Introduction
As a common malignant brain tumor, glioblastoma has one of the lowest patient survival rates (Chen et al. 2010; Lacroix et al. 2001; Maher et al. 2001) . Glioblastoma is currently treated with surgery, radiotherapy, and chemotherapy (Byun et al. 2006; Chang et al. 2007; Patel and Mehta 2007) . The current therapeutic strategies are effective only in the less advanced stages of the disease, in which the tumor mass is localized (Feelders et al. 2009; Schneider et al. 2001) . However, the recurrence rate is high (Kioi et al. 2010; Sharma et al. 2010; Wen 2010) . Radiation may also lead to a decline in immunity (Gridley et al. 2002) , formation of secondary tumors (Wright et al. 2010) , and change in mental ability. Due to the handicaps of widely applied, established cures, alternative therapies are being clinically tested, such as drug delivery using specific cancer maker detection (Ast 2003; Koshikawa et al. 2008; van de Ven et al. 2009 ) and magnetic therapy (Carter et al. 2002; Harlow et al. 2004 ).
Static magnetic fields can regulate the movements of molecules with ionic charges according to their intensities (Rosen 1993) . In addition, delivery of chemicals is not required and application is widely variable in terms of time, field intensity, and application range, side effects. Moreover, magnets can be controlled more effectively. Previous studies have reported the advantage of using magnets in breast cancer treatment (Saleh et al. 2009 ) and showed changes of cytoskeleton regulating material in the application of static magnetic fields (Kim and Im 2010) . However, magnetic therapies currently have limited applications, due to insufficient clinical studies that precisely identify their specific role and efficiency.
Therefore, our study focuses on the role of static magnetic fields in the molecular level of U87 and U251. Cyclin dependent kinase 1-cyclin B complex was assessed to study whether this checkpoint element is crucial and sufficient for the activation of the cell cycle (Santamaria et al. 2007 ) by its role in G2-M phase induction. Viability was evaluated by the WST-1 cell viability assay, and the effect on apoptosis was assessed by Annexin-V fluorescence-activated cell sorting (FACS) analysis.
Molecular evaluation was performed on proteins associated in nuclear membrane formation, metastasis, and cell cycle. By assessing the localization of these molecules, the role of magnetic fields in mitotic activity can be evaluated.
Materials and methods

Cell line
Human glioblastoma U87MG and U251MG cells (American Tissue Culture Collection, Manassas, VA, USA) were cultured in DMEM (GIBCO Laboratories, Grand Island, NY, USA), supplemented with 10 % fetal bovine serum (GIBCO Laboratories), 100 units/ mL of penicillin, and 100 lg/mL streptomycin (Invitrogen, Carlsbad, CA, USA), at 37°C in a humidified incubator containing 5 % CO 2 and 95 % air.
Application of magnets
Static magnetic fields (1400-2600 Gauss, about 1/5 intensity of an MRI, measured by GM08 Gaussmeter, Hirst Magnetic instruments Ltd, Falmouth, England) exerted by permanent magnets were applied to 24-well and 96-well plates by attaching magnets one the bottom of the well [ Supplementary Fig. 1 . For unit conversions, 1000 Gauss = 0.1 T (Tesla)]. The north (N) and south (S) poles were randomly arranged, or studied separately as there were controversial reports that elucidate to have differences or no effects of N and S poles (Joshi et al. 2009; Mayrovitz and Groseclose 2005) . The magnets were applied to the bottom of the wells with a distance of 0.1-0.3 cm to the cells. The cells were cultured on a plastic shelf (75-T, 24-well and 96-well, respectively) 4.0 ± 0.2 cm above the metal shelf in the incubator, so the metal shelf does not influence the magnetic field within the wells. Separate incubators were used for the control and treated wells so that the magnetic field would not affect the control. Incubation was done for 48 ± 4 h.
Cell viability reagent WST-1
The viability observation was made using tetrazolium salt 4-[3-(4-lodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene disulfonate (WST-1 assay, RocheMolecular Biochemicals, Mannheim, Germany). This was measured by comparing the optical absorbance of the well at a wavelength of 450 nm to which the magnets were applied with that of the control well. A 96-well plate was prepared (Falcon; Becton-Dickinson, Lincoln Park, NY, USA) and 10 lL/well of cell viability reagent WST-1 was added to the cells already cultured at 100 lL/well (1:10 final dilution). For the cells cultured at 200 lL/well, 20 lL/ well of cell viability reagent WST-1 was added. To determine the optimal incubation period, absorption was measured at multiple time points after the addition of WST-1 (e.g., 0.5, 1, 2, and 4 h set-up can be used). For incubation required for high sensitivity, the incubation time following the application of WST-1 was increased (half maximum absorbance after incubation with WST-1 reagent solution for 0.5 h with 2 9 10 4 cells/well; for 4 h with 0.7 9 10 4 cells/ well). For initial incubation of the cells, larger volume of culture medium is required, and the amount of WST-1 was increased accordingly (e.g., add 20 lL/ well WST-1 if cells are cultured in 200 lL/well culture medium). In the control (blank), the same volume of culture medium and WST-1 was added to one well. This background control (absorbance of: culture medium ? WST-1 in the absence of cells) was used for a blank position for the reader. Slight absorbance occurs by the addition of WST-1 to the culture medium in the absence of cells. This background absorbance depends on the culture medium, the incubation time, and exposure to light. At least three trials were performed in order to measure the absorption (ABS) at 450 nm.
The viability by WST-1 assay was made by ABS comparing the control well, and the well to which the magnets were applied. We used box plots to analyze the data from WST-1 cell viability.
Apoptotic signal assessment of viability
Annexin V test
Flow cytometry was performed for each cell line. The mouse anti-human antibodies used were PE-, PE-cy5, or FITC-conjugated and came from BD Pharmingen (San Jose, CA, USA). To analyze the patterns of neuronal death and apoptosis, fluorescence-activated cell sorting was performed with freshly harvested cells after labeling with Annexin V-FITC (BD Bioscience, San Jose, CA, USA) and propidium iodide (PI). Floating and adherent cells were collected, washed, and resuspended in cold, binding buffer [PBS (pH 7.4), 140 mM NaCl, and 2.5 mM CaCl 2 ] to a final concentration of 5 9 10 5 /ml. Aliquots of 1 9 10 5 cells were incubated with 0.5 lL of Annexin V-FITC and 10 lL of PI (Sigma-Aldrich, Milan, Italy) per tube. After 15 min at room temperature, 400 l of binding buffer was added before flow cytometric analysis (Darzynkiewicz et al. 1997 ). For each sample, 1 9 10 4 cells were analyzed on a FACS II flow cytometer (BD Bioscience, Mountain View, CA, USA).
Western blotting
Cells were collected using a cell scraper and protein was extracted by homogenization in M-per cell lysis solution (Molecular Probes, Eugene, OR, USA) using a Sonic dismembrator (Fisher Scientific, Pittsburgh, PA, USA). Western blotting was performed with antibodies against Ankyrin G (Santa Cruz Biotechnology, Santa Cruz, CA, USA, 1:300 dilution, polyclonal), Cdk1 (Millipore, Billerica, MA, USA, 1:1000 dilution, polyclonal), cyclin B1 (Santa Cruz Biotechnology, 1:300 dilution, polyclonal), and Anti-actin antibody (Sigma-Aldrich, St. Louis, MO, USA, 1:5000 dilution, monoclonal) was also used for internal control and relative optical densities were measured. All experiments were performed in triplicate.
Statistical analysis
Box plot data were used to determine the scattering of the data, data efficiency, and other statistical properties (n = 15: biological triplicate technically measured five times), depicting groups of numerical data through their five-number summaries (the smallest observation (L), lower quartile (Q1), median (Q2), upper quartile (Q3), and largest observation (H)). For this statistical analysis, the value L is calculated as Q1 -(1.5 9 (Q3 -Q1)), and the value H is calculated as Q3 ? (1.5 9 (Q3 -Q1)). The L and H values show the 99 % area region of the T-distribution plots, which means the data out of these range can be considered as outliers. Along with box plots, Student's T test was used to analyze these data from WST-1 assay. In immunocytochemistry, Pearson's Chi square test was assessed to confirm the relative localization of proteins; the ratio between the total sum of the nuclear area and the total sum of the protein area was calculated by depicting a mathematical boundary in control and magnet-applied cells.
Results
WST-1 cell viability assay
According to the box plot result of WST-1 cell viability assay, the viability inhibitory effects of static magnetic fields were statistically significant. The cell viability of U87 and U251 glioblastoma cells were decreased by applying static magnetic fields (Fig. 1, p value \ 0.01. T-test, different dispersion). The boxes were compared and had very little overlap, which indicates a significant difference. As viability is a macroscopic sign of cell metabolism, molecular evaluation was measured by immunocytochemical methods.
Protein expression and immunocytochemistry
The changes were identified in terms of protein expression (Fig. 2) . We could assess the changes in cyclin B and cdk1, and some differences were detected (Santamaria et al. 2007 ). Cdk1 expression was decreased. The ratio of ankyrin G and cyclin B1 was compared in Chi square test (p = 0.0366) according to control. Ankyrin G (second band pointed by arrow) was used as model protein for standardization.
Apoptosis assessment
In U251, the portion of PI positive and Annexin V positive cells were 9.5 % in the control and 5.77 % by magnetic treatment (Fig. 3) . The portions in U87 were 6.33 % in the control and 4.63 % in the magnet treated cells. However, when tested by applying separate magnetic N and S poles using the same experimental procedures, apoptosis rather seemed to increase (Fig. 3c, d ). In the U251 cell line, the portion of PI positive and Annexin V positive cells were 16 % in the control, 24 % for the condition with exposure to the N pole magnet, and 35 % for that with exposure to the S pole magnet. In addition, the portions in U87 were 15 % in the control, 18 % for the condition with exposure to the N pole magnet, and 21 % for that with exposure to the S pole magnet. In order to assess that apoptosis is a contributor for viability, it should be statistically significant that magnet increases the portion of Annexin V positive and PI positive cells. This must be shown in a consistent manner. However, the results were not statistically significant nor showed any identical results by repetition. Based on the results, we conclude that apoptosis is not a contributor to the decrease in viability (T-test, U87: p = 0.51, U251: p = 0.41).
Discussion
Our study focused on the orientation of subcellular structures and the regulatory effects of static magnetic fields in U87 and U251. Cell viability showed a significant decrease throughout the study. This correlated with a decrease in protein expression of cyclin Fig. 1 The box plot result of WST-1 cell viability assay. The viability inhibitory effects of static magnetic fields were statistically significant (n = 15; T-test, U251: p = 0.008522, U87: p = 0.001169). However, whether it is an effect of apoptosis or not, was later identified by Annexin V. Data were depicted as groups of numerical data through their five-number summaries (the smallest observation (L), lower quartile (Q1), median (Q2), upper quartile (Q3), and largest observation (H)). For this statistical analysis, the value L was calculated as Q1 -(1.5 9 (Q3 -Q1)), and the value H was calculated as Q3 ? (1.5 9 (Q3 -Q1)). The L and H values show the 99 % area region of the T-distribution plots, which means the data that lie beyond these range can be considered as outliers dependent kinase 1 rather than apoptosis. The cell viability of U87 and U251 glioblastoma cells was decreased by applying static magnetic fields (p value \ 0.01. T-test). Annexin-V staining via FACS was performed to evaluate whether the decrease in viability resulted from apoptosis. As a result, the apoptotic rate in magnet-applied cells did not exceed the apoptotic rate in normal cells (Fig. 3) . This suggests that apoptosis is not a major contributor in cell viability decrease (Knowles 1980; TornrothHorsefield and Neutze 2008) .
There are some reports that cytoskeletons and subcellular structures are altered by static magnetic fields (Kim and Im 2010; Rosen and Chastney 2009) . This reveals that the cytoskeleton and gamma complex protein 3 structure is altered. GCP3 is a root for spindle formation and once dispersed, this can change the orientation of cytoskeleton. This correlates with viability decrease, which is closely related to the dispersion of GCP3 (Santamaria et al. 2007 ). Another possibility suggests that calcium channel expression by static magnetic fields may have an effect on viability. A patch clamp study reported that calcium influx changed by magnetic application and may alter viability (Rosen 1996) .
Cdk1 is an important factor that becomes a cell cycle regulator (Elgavish et al. 1998 ). It acts along with cyclin B and is dependent on the phosphorylation for activation. Cdk1 levels were relatively low in the application of magnets. For this kinase activity, the activation energy barrier and dielectric constant of water molecules regulates the speed of reaction (Knowles 1980; Tornroth-Horsefield and Neutze 2008) . The dielectric constant of water molecules is altered by static magnetic fields (Ibrahim 2006) . In addition, localization of kinases plays a role in electric interactions with water molecules (Glover et al. 1998) . Thus, we assumed that activation energy status change could be related to proliferation or viability decrease. In the case of spindles, the gamma complex protein 3 is disturbed by static magnetic field (Kim and Im 2010) .
Our findings demonstrate the effect of static magnetic fields on the level of cell cycle related protein in cells. Thus, this study provides further evidence in support of Cdk1 impairment as a factor in viability decrease. For clinical application and the epidemiology of static magnetic fields, physical indicators in structural kinetics studies should be conducted in parallel. Fig. 2 Comparison of protein expression comparison of Ankyrin G, cyclin B and cdk1. There were significant alterations between the control and magnet-treated groups. Ankyrin G (electrophoresis gel at the bottom, second band from the top pointed by an arrow) was used as a control. The second band is in range of 200-250 kDa of molecular weight. This is the only band corresponding with Ankyrin G. Cdk1 (band on the middle electrophoresis gel, the large band pointed by an arrow) was decreased. Cyclin B1 (band of the electrophoresis gel at the top), showed minimal changes. Ankyrin G intensity was used as standardization, for statistical analysis of other proteins (Chi square test, p = 0.0366). These results explain that there were molecular level changes that were significant to cell survival
